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Abstract 
We give sufficient conditions for a z--hyperbolic knot to be determined, up to homeo- 
morphism in S3, by the topological types of its 2-fold and 4-fold cyclic branched coverings. 
We obtain also sufficient conditions on a r-hyperbolic link to be determined by its 2-fold 
branched covering. 
On donne des conditions suffisantes pour qu’un noeud rr-hyperbolique soit determine, a 
homeomorphisme p&s dans S3, par le type topologique de ses rev&tements cycliques 
ramifies a 2 et 4 feuilles. On obtient aussi des conditions suffisantes pour qu’un entrelacs 
x--hyperbolique soit determine par son rev&tement ramifit B 2 feuilles. 
Keywords: Knots; Cyclic branched covering; Hyperbolic manifolds 
AMS CMOS) Subj. Class.: 57M25 
In this paper we are interested in the general problem of how many cyclic 
branched coverings of a prime knot K are sufficient to determine the knot K up 
to homeomorphism in S’? More precisely, is there an integer n 3 3 such that any 
two prime knots having the same p-fold cyclic branched coverings for 2 <p Q n are 
necessarily equivalent in S3? 
We recall that two knots or links L, and L, are equivalent in S3 if there is a 
homeomorphism between the pairs (S3, L,) and (S3, L,). 
For composite knots there are many examples of inequivalent knots of all whose 
p-fold branched cyclic coverings are homeomorphic. 
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The problem is motivated by the following result due to Kojima [lo]: for every 
prime knot K cS3, there is an integer nK > 1, such that for any p > IZ~ the 
topological type of the p-fold cyclic branched covering of K determines K up to 
homeomorphism in S3. However, there is no uniform upper bound for these nK. 
That is, for any integer n > 2, there are two nonequivalent prime knots with the 
same n-fold cyclic branched cover (cf. [16,17]). 
In this paper we focus on the case of 7r-hyperbolic knots (cf. [l; 3, Ch. 51). 
A link L in S3 is said to be 2r/n-hyperbolic if the n-fold cyclic covering of S3 
branched over L admits a complete hyperbolic metric and the covering translation 
is an isometry. 
Our main result is: 
Theorem 3.1. Two nonstrongly invertible r-hyperbolic knots are equivalent in S3 iff 
they have the same 2-fold and 4fold cyclic branched coverings. 
We have obtained some results for n--hyperbolic links including the following: 
Corollary 1.3. Two nonstrongly invertible rr-hyperbolic links with r z 3 components 
are equivalent in S3 iff they have the same 2-fold branched covering. 
1. P-hyperbolic links which are determined by their 2-fold branched covering 
Definition 1.1. A link L in S3 admits a nonfree symmetry of order 2 if there is an 
involution p of the pair (S3, L) with a nonempty fixed point set. Moreover if the 
fixed point set (i.e., the axis) of p meets each component of L, L is said to be 
strongly invertible. 
Remark. Throughout the paper we use the term “symmetry” to refer to ambient 
orientation preserving symmetries. Moreover we always denote the fixed point set 
of a symmetry p by fix(p). However the symmetry does not in general preserve 
orientation of L. 
Theorem 1.2. Let L be a r-hyperbolic link in S3 satisfying: 
(a) There is no nonfree orientation preserving involution p of the pair (S3, L) such 
that p has two fired points on each component of L (i.e., L is not strongly invertible), 
and 
(b) there is no nonfree orientation preserving involution p of the pair (S3, L) such 
that the quotient L/(p) is a trivial knot. 
Then any r-hyperbolic link with the same 2-fold branched covering as L is 
equivalent to L. 
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Proof. Let L be a r-hyperbolic link. Let M be its 2-fold branched covering with 
projection map p : M + S3, and T be the isometric covering involution on M. 
Assume that there exists another isometric involution pi on M such that M/(T~) 
is homeomorphic to S3 and the branched link L, of the 2-fold covering p1 : A4 + 
M/( TV) is not equivalent o L. Then the involutions T and T, are not conjugate in 
Isom+(M). Moreover the subgroup of Isom+(M) generated by T and TV is a finite 
dihedral group Of iSOmetrieS: o4 = (7, T, 1 ~~ = T: = (TT,)~ = 1). 
We consider two cases: 
Case 1: 9 is odd. Then TV is conjugate to T in D, contradicting our assumption. 
Case 2: 4 = 2p is even. Then h = (~7,)~ is a nontrivial involution in the center 
of Dq. Since h commutes with T, it induces a symmetry p of order G 2 on the pair 
(S3, L). Moreover Th is conjugate to T if p is even (respectively to TV if p is odd), 
thus p has fixed points in S3. If p is not the identity, then it is a nonfree symmetry 
of order 2 in S3. 
If p is the identity, then h = T which is impossible in Dq. 
Therefore one obtains a symmetry p of order 2 of the pair (S3, L). This 
symmetry is orientation preserving with an axis fix(p) of fixed points in S3. Observe 
that fix(h)Ufix(hT)cp-‘(fix(p)). But if x Ep-‘(fix(p)) and if x P fix(h) then 
h(x) = T(X), so hT(x) =x and hence x E fixthr). So, in fact, fix(h) U fix(hr) = 
p- ‘(fix(p)). 
We distinguish once more two cases: 
(i) h has no fixed point in M. Suppose there is x E fix(p) n L. Let y =p-l(x), 
then y E ftihr) and so h(y) = (hTXT(y)) = hT(y) = y which is contrary to the 
hypothesis. So p has no fixed point on L; thus it is a nonfree symmetry of L whose 
axis of fixed points does not meet L. Let A be the image of the axis of p in the 
quotient S3/( p) = S3. 
To show that L/(p) is a trivial knot in S3 we consider the following commuta- 
tive diagram induced by the action on M of the group Z, @ Z, generated by the 
involutions T and hT. 
/(hr) - 
M - (S3, A) 
/CT) I I /CT) 
(S3, L) z (S37 L/(P) UA) 
The quotient space M/(hT) is homeomorphic to S3 because hT is conjugate to 
T or TV. The branch set of the 2-fold covering M + M/( hT) is x Moreover, since 
T commutes with hT, T induces an axial symmetry of order 2, ‘i, of the pair (S3, &. 
The axis of this symmetry does not meet Abecause (hT)T = h has no fixed point in 
M. The commutativity of the diagram shows that S3 = M/( hT) is a 2-fold covering 
of S3 branched along the link L/(p). From the proof of the Smith conjecture for 
involutions in S3 [23], it follows that L/(p) is a trivial knot. Therefore L does not 
satisfy condition (b). 
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(ii) h has fixed points in 44. Let L be the fixed points of r and A’ be the fixed 
points of h7 in M. Then we have the following: 
Claim. L nA# fl. 
Proof. Assume that f, IDA = @. Then for the fixed points L? of h we have 
L? I? L =A’nJ = @ because r commutes with h and hT. For the same reason 
r(A) =A’ and r(& =2. It follows that the involution p induced by h on (S3, L) 
would have a nonconnected set of fixed points, namely the image of AUF? in 
M/(T) = S3. By Smith theory this is impossible, therefore A’ n i # 6 and the axis 
fix(p) of p meets L. 
To show that p has fixed points on each component of L we use the same 
diagram as in the previous case (9: 
The involutions r and h7 generate a group Z, @ Z, acting on M in such a way 
that we have the commutative diagram: 
/(hr) - 
M - (S3, A) 
/CT) I I /(‘i) 
(S3, L) x (S3? L/(P) UA) 
From the commutativity of the diagram it follows again that S3 + S3/(?> is a 
2-fold covering of S3 branched along L/(p) u {some arcs of A}, because p has 
some fixed points on L. 
If the axis of p does not meet one component K, of L, then L/(p) contains at 
least one circle component not meeting A. This is impossible, because by the proof 
of the Smith conjecture for involutions [23], L/(p) U {some arcs of A] is a trivial 
knot. Therefore L is a strongly invertible link and so does not satisfy condition (a>. 
This achieves the proof of the theorem. •I 
Remark. From the proof it follows that condition (a) can be weakened to exclude 
only involution p with fiied points on each component of L and such that 
L/(p) u {some arcs of the image of the axis of p] is a trivial knot. 
We can now prove the following. 
Corollary 1.3. Two nonstrongly invertible r-hyperbolic links with r & 3 components 
are equivalent in S3 iff they have the same 2-fold branched covering. 
Proof. Let L be a nonstrongly invertible 7r-hyperbolic link. If L has & 3 compo- 
nents, then L does satisfy conditions (a) and (b) of Theorem 1.2. In fact the 
existence of an axial symmetry p of order 2 for L such that L/(p) is a trivial knot 
implies that L has at most two components. 0 
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2. w/2-hyperbolic links which are determined by any of their 4-fold cyclic 
branched coverings 
This section is devoted to the proof of: 
Theorem 2.1. Let L be a r/2-hyperbolic link in S3. If there is no nonfree orientation 
preserving involution of the pair (S”, L), then any r/2-hyperbolic link, with one of 
its 4fold cyclic branched covering the same as L, is equivalent to L. 
By Thurston’s hyperbolization theorem for 3-dimensional orbifolds with 
branched locus of dimension > 1 and branch indices > 4 [8,19,24], r/2-hyperbolic 
links coincide with hyperbolic links (i.e., S3 -L is a complete hyperbolic manifold). 
So a straightforward corollary is: 
Corollary 2.2. Let L be a hyperbolic link in S3, which has no nonfree symmetry of 
order 2. Then L is determined by any of its 4fold cyclic branched coverings. 
Proof of Theorem 2.1. Let N be a 4-fold cyclic branched covering of L and let t be 
an isometric covering translation of order 4. Assume that there is another isomet- 
ric transformation t, of order 4 on N, such that N/( tl > is homeomorphic to S’ 
and the branched link L, of the 4-fold cyclic branched covering N + N/( pi) is 
not equivalent to L,. 
Let G be the subgroup of isometries of N generated by t and t,: it is a finite 
group. Then the two involutions u = t2 and U, = tf generate a finite dihedral 
subgroup of G: 0, = (u, ui I u* = LL~ = (uulY” = 1). 
As in the proof of Theorem 1.2 we distinguish two cases: 
Case 1: m is odd. Then ui is conjugate to U. So after a conjugation of t,, we can 
assume that U, = U. 
In the 2-fold branched covering of L, M = N/(u), the two transformations t, t, 
induce involutions 7, ri which have the same fixed point sets L. Moreover the 
finite group G generated by t and t I commutes with u = ui and induces on M a 
finite group ?? generated by r and 7,. This is a dihedral group G = D4 = (T, TV I 72 
= T: = (TT,>+' = 1) which fixes i pointwise in M. 
Since t and t, are not conjugate in N, the involutions T and TV cannot be 
conjugate in M. Therefore q must be even: q = 2p. Then the involution g = (TT,)~ 
fixes L pointwise and commutes with T. By the proof of the Smith conjecture for 
involutions 1231, g must induce the identity on S’ = M/(T). Thus g must be equal 
to T on M and T, IIn& commute with T. 
Hence pi would induce a nontrivial involution of (S”, L) fixing L pointwise. By 
the proof of the Smith conjecture for involutions [231, it is impossible unless L is 
the trivial knot, which is not the case. 
Case 2: m = 2n is even. Then the involution v = (uu,)” commutes with u and ui. 
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If u is conjugate to U, then after conjugation one can assume that u and u1 
commute. So we can replace u by u1 to get an involution of N, which is not 
conjugate to u and which commutes with U. We still call it u. Thus, this involution 
u induces an involution v of the pair (M, i). This involution v has fixed points in 
M, because uu is conjugate either to u (if II is even) or to ui (if II is odd). We 
recall that here M = N/(U) is the 2-fold branched covering of L, and i is the 
fixed point set of the covering involution T. 
Now, as in the proof of Theorem 1.2, we consider the group generated by T and 
V. It is a finite, hence dihedral group, because it is a quotient of a subgroup of the 
finite group G of isometries of N. 
Let H = D, = (T, v I r2 = v2 = (v>“). We distinguish again two cases: 
(i) k is odd. Then v is conjugate to r in H. Since the group H is a subgroup of 
homeomorphisms of the pair (M, e>, one can lift this conjugation to a conjugation 
between t and one of the lifts u or uu of v into N. Since both u and uu are of 
order 2, this is not possible. 
(ii) k = 21 is even. Then h = (VU>’ is an involution which belongs to the center of 
H. Therefore h commutes with r and V. Then, as in the proof of Theorem 1.2, we 
can conclude that there is a nontrivial and nonfree order-2 symmetry respecting 
the pair (S3, L). 0 
Remark. In this case we cannot conclude that the pair (S3, L) does not satisfy 
condition (a) or (b) of Theorem 1.2. This is because the quotient M/(V) may not 
be homeomorphic to S3. 
Proof of Corollary 2.2. This follows from the fact that, by the equivariant character- 
istic variety theorem 12,131, any 4-fold cyclic covering of S3 branched along a 
hyperbolic link is atoroidal. Hence the quotient orbifold (S3, L) is also atoroidal. 
By Thurston’s hyperbolization theorem for orbifolds with branched locus of 
dimension 2 1 and branch indices 2 4 (cf. [8,19,241), N is a complete hyperbolic 
manifold and the covering transformation t is an isometry. q 
3. r-hyperbolic knots which are determined by their 2-fold and 4-fold cyclic 
branched coverings 
In this section we consider the case of rr-hyperbolic knots. First we prove our 
main result: 
Theorem 3.1. Two nonstrongly invertible rr-hyperbolic knots are equivalent in S3 ijf 
they have the same 2-fold and 4-fold cyclic branched coverings. 
We recah that a link L in S” is Conway reducible if there is a sphere Sz in S3 
meeting L transversally in four points and such that S2 n (S3 - Z’?(L)) is incom- 
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pressible and boundary incompressible in S3 -6(L). Such a sphere is called a 
Conway sphere. 
Using Thurston’s uniformization theorem for 3-dimensional orbifolds with 
branched locus of dimension > 1 [8,19,24], we obtain: 
Corollary 3.2. Let K be a nonstrongly invertible hyperbolic knot such that: 
(i) K is Conway irreducible, or 
(ii) S” - K does not contain any closed incompressible nonboundary parallel 
surface. 
Then K is determined, up to homeomorphism in S3, by its 2-fold and 4-fold cyclic 
branched couerings. 
From a Conway reducible knot there is a well-known procedure called a 
“mutation” (cf. [5,22]) to produce another (often nonequivalent) knot with the 
same 2-fold branched covering. There are also many examples of nonstrongly 
invertible Conway irreducible knots with the same 2-fold branched coverings and 
which are not equivalent (cf. [14]). 
Proof of Theorem 3.1. Let K and K’ be two nonstrongly invertible r-hyperbolic 
knots in S3, with the same 2-fold branched covering. If K is not equivalent to K’, 
then by Theorem 1.2, there is a nonfree orientation preserving involution p of (S”, 
K) such that K/(p) is a trivial knot. Moreover by the proof of Theorem 1.2, p is 
an isometry for the rr-hyperbolic metric on (S”, K). 
Then the following proposition shows that K is determined by the topological 
type of its 4-fold cyclic branched covering, since a r-hyperbolic knot is always a 
r/2-hyperbolic knot. Hence Theorem 3.1 will follow from Proposition 3.3. 
Proposition 3.3. Let K be a nonstrongly invertible r/2-hyperbolic knot in S3. If there 
is a nonfree orientation preserving isometric involution p of the r/Zhyperbolic pair 
(S3, K) such that K/(p) is a trivial knot, then the knot K is determined, up to 
homeomorphism in S3, by the topological type of its 4-fold cyclic branched covering. 
Remark. Following constructions of [11,14], in general K is not determined by the 
topological type of its 2-fold branched covering. 
Proof of Proposition 3.3. Let A be the axis of the involution p of (S3, K), then 
A n K = fl since K is not strongly invertible. Let us denote the quotient K/(p) by 
K and the image of A in S3/(p> = S3 by x 
Then KUA is a link in S3/(p) = S’, and the 4-fold cyclic covering N of S” 
branched along K is obtained by taking the Z, @ gZ covering of S3 branched 
along z U x with index 4 over E and index 2 over A. Because K is a trivial knot 
in S”, the 4-fold covering of S” branched along E is also S”. 
Therefore N is the 2-fold covering of S3 branched along the knot A which is 
the preimage of 2 in the 4-fold cyclic covering of S” branched along K. This 
preimage A’ is a knot, because the linking number link(K, 3 is odd. 
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Thus, the knot A is invariant by a symmetry 0 of order 4 whose axis ti is the 
preimage of K. Moreover, since p is an isometry for the r/Zhyperbolic metric on 
(S3, K), it follows that (S3, K, 3 has a hyperbolic metric with T-singularity on x 
and rr/Zsingularity on K. Therefore A is a rr-hyperbolic knot and the symmetry 8 
is an isometry for this rr-hyperbolic metric on (S3, A). 
By Theorem 1.2, the topological type of N determines the pair (S3, A), up to 
homeomorphism, except in two cases: 
(a) A’ is strongly invertible, or 
(b) there is an orientation preserving involution s of the pair (S3, A) such that 
A/(s) is a trivial knot. 
In case (a), since A is strongly invertible, the symmetry group of A is a dihedral 
group a0Difff(S3, A) = D4,, = ( rl, r2 I rf = rz = (rIr2)4n = 1) where (rlrZ)n = 8, 
h = r1r2 is an axial symmetry of order 4n of the pair (S3, A), and ri, i = 1, 2, is an 
order-2 isometric inversion of the r-hyperbolic pair (S3, A) with two fixed points 
on A. 
If n > 1, then the axial symmetry h induces a symmetry ?z of order n > 1 of the 
link z = E U A-, with fixed point set K. Since A-is a trivial knot, it follows from the 
equivariant loop theorem that z is the Hopf link (see [7]). Therefore K would be 
the trivial knot, which is impossible. 
So n = 1 and 8 = r1r2. Then e2 = (r,r2)2 commutes with rL and r2. Since e2 has 
fixed point set i, rl is an order-2 symmetry of the link L, which reverses the 
orientation of A. 
Let L, =K, UA, be the quotient L, =i/(02> in S3, then rl induces an 
order-2 symmetry i, of the link L, which reverses the orientation of A,. Since A 
is a r-hyperbolic knot, it follows that S3 - L, is atoroidal by the equivariant loop 
theorem (see [61), and hence hyperbolic using Thurston’s hyperbolization theorem 
[12,20]. Then the strong order-2 symmetry F, and the involution s induced by 8 
generate a finite group of symmetries of the pair (S3, L,), because S3 - L, is a 
hyperbolic manifold. (Another argument, to avoid Thurston’s hyperbolization 
theorem, would use Johannson’s finiteness theorem for the mapping class group 
r,Diff(S3 - L), [93 and Tollefson’s results, [21].) 
The knot A, cannot be trivial, since the 2-fold branched covering of A, is 
homeomorphic to the 2-fold branched covering of K, and K is not a trivial knot 
(see [22]). Therefore A, is not trivial, and the proof of the Smith conjecture [23], 
shows that the group generated by Fi and 8 must be Z, @ Z,, since 7, and 8 are 
commuting involutions and F, reverses the orientation of A,. It follows that Fr 
induces an order-2 symmetry p of the link I= Ku~= L,/(e), which reverses 
the orientation of x We can lift this involution p to an order-2 symmetry (Y of 
(S3, K, A) with fix(a) = B and B n A # $. 
If B n K Z @, then K would be strongly invertible which is contradictary to our 
hypothesis. 
So B I? K = @. Since a! and p are both nonfree orientation preserving involu- 
tions which preserve the orientation of K, by the proof of the Smith conjecture 
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[15] (see also [17,18]) they both define the same element of r,Diff+(S3, K). Since 
S3 - K is atoroidal, it follows from Tollefson 1211 that LY and p are conjugate by an 
isotopy in Diff+(S3, K). But this is impossible because (Y reverses the orientation 
of fix@) =A. 
In case (b), let s be the orientation preserving involution of the pair (S3, A) 
such that A/(s) is a trivial knot. 
By construction the pair (S3, A) admits also an axial order-4 symmetry 19 such 
that A/(@) is a trivial knot. By uniqueness, up to conjugation, of an axial 
symmetry of order 2 of the pair (S3, A’> (see the argument above) one can assume 
that /32 = s. So A, =A/(02) would be the trivial knot. Since A, and K have the 
same 2-fold branched covering, the proof of the Smith conjecture [23] would show 
that K is trivial, which is impossible. 
Therefore, cases (al and (b) can be excluded, so one can assume that the 
topological type of N determines A’ up to homeomorphism in S3. q 
Since A’ is r-hyperbolic and 0 is an isometry for the r-hyperbolic metric, 
Mostow’s rigidity theorem shows that 8 is unique up to conjugacy (cf. 17,181). 
Therefore, the topological type of N determines the link z = KUAT up to 
homeomorphism in S3. This implies that N determines K up to homeomorphism 
in S3. 0 
Proof of Corollary 3.2. The proof of the corollary when K is Conway irreducible is 
then a direct consequence of Thurston’s uniformization theorem for 3-orbifolds 
with l-dimensional branched locus [8,19,24] which shows that Conway irreducible 
hyperbolic knots are exactly P-hyperbolic knots or Montesinos knots with at most 
three branches (cf. [4, Ch. 121). Moreover the classification of Montesinos knots [4, 
Ch. 121 shows that a Montesinos knot with at most three branches is determined by 
its 2-fold branched covering. 
To prove the corollary when S3 - K contains no closed incompressible non- 
boundary parallel surface we need the following proposition: 
Proposition 3.4. Let K be a nonstrongly invertible hyperbolic knot. If S3 - i’?CK > 
does not contain any closed incompressible and nonboundary parallel surface, then K 
is determined, up to homeomorphism in S3, by its 2-fold and 4-fold cyclic branched 
coverings. 
Proof. Let M and N be respectively the 2-fold and 4-fold branched cyclic 
coverings of K. We denote by r and t respectively the covering transformations on 
M and N. 
Assume that there is a distinct knot K, in S3 with the same 2-fold and 4-fold 
cyclic branched coverings M and N; we denote by TV and t, respectively the 
associated covering transformations. 
Since S3 - K is atoroidal, then by the equivariant loop theorem, N and S3 -K, 
are atoroidal [6]. By Thurston’s hyperbolization theorem for 3-orbifolds with 
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l-dimensional branched locus and branched indices 2 4, [8,19,24], it follows that 
K and K, are both r/2-hyperbolic knots. So we can assume that t, t, are both 
isometries for the hyperbolic metric on N. 
Let D,,, = (u, u1 1 u* = uf = (zAu~)~ = 1) be the finite group of isometries of N 
generated by u = t* and ui = tl. By the proof of Theorem 2.1, Case 1, we know 
that m is even, m = 2n. So, as in the proof of Theorem 2.1, Case 2, there is an 
(isometric) involution u in D,,, which commutes with u and is conjugate to either u 
or ui. Let v the involution of the pair 04, i) induced by U. 
The group generated by r and Y is a finite dihedral group D, = (7, v 1 T* = v* 
= (7~)~ = 1) of homeomorphisms of the pair (M, l?) because it is a quotient of a 
finite group of isometries of N. By the proof of Theorem 2.1, case (i), k is even, 
k = 21, and h = (TV)’ is an involution which commutes with r. We distinguish two 
cases: 
(a) 1 is even. Then rh is conjugate to r. Since K is noninvertible as 
of Theorem 1.2 case (i>, we have the following commutative diagram: 
in the proof 
/CT) I I (‘i> 
(S3, K) x (S3, K/(p)) 
where p is the axial symmetry of order 2 induced by Th on (S3, K). It follows that 
K/(p) is a trivial knot because its 2-fold branched covering is S3, [23]. Then the 
proof follows from Proposition 3.3. 
(b) 1 is odd. Then Th is conjugate to v in D,: Th = cp~‘p-~, where cp is a 
self-homeomorphism of the pair (M, K). 
This homeomorphism lifts to a self-homeomorphism 6 of N, which commutes 
with U. By considering the involution $v+- ’ instead of v, we can assume that u 
and v commute in N, and T and v commute in M. Thus we have the following 
commutative diagram: 
/(u) 
N-M 
/(u) I I /cc: 
/(v) 
M - M’ 
/CT) I I /(F) 
(S3, K) x (S3, K/(V)) 
where V is the involution induced on the pair (S3, K) by V, and ? is the involution 
induced on M’ =M/(v) by T. 
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This diagram shows that M is a 4-fold covering of S3 branched along the knot 
K/i7 = K. Since S3 -K does not contain any closed incompressible, nonboundary 
parallel surface, by the Z,-equivariant loop theorem, it follows that S3 - K also 
does not contain any closed incompressible, nonboundary parallel surface and in 
particular M is an atoroidal manifold [6]. Applying, the Z,-equivariant loop 
theorem again we see that K is Conway irreducible. Hence M has a complete 
hyperbolic structure. Then the proposition follows from Theorem 3.1 and 
Thurston’s uniformization theorem for 3-orbifolds with l-dimensional branched 
locus, [8,19,241. •I 
As a consequence of the proof of Corollary 3.2 we have: 
Corollary 3.5. Let K be a nonstrongly invertible hyperbolic knot in S’. If K is not 
determined by the topological type of its 2-fold and 4-fold cyclic branched coverings, 
then : 
(i) K is Conway reducible, and 
(ii) there is an axial involution p of the pair (S3, K) such that S3 -K/(p) 
contains an incompressible, nonboundary parallel torus. 
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